In the agricultural industry, the weed and crop identification and classification are major technical and economical importance. Two classification algorithms are focused in this paper. And the better classification algorithm has been selected to classify weed and crop from the images. There are three main parts of proposed system are segmentation, classification and error calculation. The developed algorithm based on area thresholding has been tested on weeds and various locations. Forty one sample images have been tested and the result of some weed coverage rate is illustrated. Moreover, the misclassification rate is also computed. An algorithm has been done to automate the tasks of segmentation and classification. The overall process is implemented in MATLAB.
INTRODUCTION
As weeds are frequently distributed non -uniformly within a field, weeding is a very hard work [1] . Every year a large amount of herbicide is used for removing weeds from agricultural fields which is not only expensive but also a source of environmental pollution. Moreover, both costly and time consuming is caused due to hand labor [4] . Therefore, weed control is a necessary management practice in agricultural systems, which is critical to sustain crop productivity and quality [1] . Farmers need alternatives for weed control due to the desire to reduce chemical use and production costs [7] . For instance when growing vegetables such as carrots, onions and cabbage the weeds can be removed by special harrows but it cannot support for economic system [3] .
Nowadays, uniform spraying is the most common method for herbicides application. However, this method is inefficient and cost-ineffective as weed distribution is usually non-uniform and highly aggregated in clumps within the arable field [1] . There could be many parts of the field that have none or insignificant volume of weeds. This property of the weed distributions makes the development of site-specific management feasible [8] . In this management, the amount of herbicides applied is reduced through spraying only the weed infested area of a field, where different selective herbicides with corresponding application rates are applied to control weed differently [5] . The machine vision based approach uses shape, texture, color and location based features individually of jointly to discriminate between weed and crop [11] . In the other research, Caltrans sprays roadside plant material with herbicide to prevent the weeds from becoming a fire hazard during the summer. The first step in identifying weeds within an image involves classifying the pixels [12] . The pixels shall be classified using a point operation. The surrounding pixels will not bias a pixel"s classification. The purpose of segmenting the image into plant and background pixels is to detect the amount of plant material within a specific area [12] . If the amount of plant material reaches a specific threshold, the area is targeted for herbicidal spray application [12] . The spray threshold is set too close to the background misclassification rate, then herbicide will be wasted spraying background. Therefore, a larger misclassification rate limits the smallest plant that can be detected without targeting the background for spray [12] .
A system that could make use of the spatial distribution information in real-time and apply only the necessary amounts of herbicide to the weed-infested area would be much more efficient and minimize environmental damage. Therefore, a high spatial resolution, real-time weed infestation detection system seems to be the solution for site-specific weed management.
In this paper, three main parts presented for weed and crop classification. It has got (1) Image acquisition and gray transformation, (2) Image segmentation and noise removal, and (3) Classification of weed and crop [2] . Two classification methods are studied in this research. They are classification based on intensity method and area thresholding classification method. The first method is depended on the intensity of the images [13] . However, this algorithm cannot operate to classify weed and crop automatically. So, the area thresholding method is used to get reliable classified images. These methods are executed depending on size of the plants. By using digital camera, the input image is obtained. Most of images are needed to change from the color images into grayscale images for easy and fast processing. The segmentation step implemented by using thresholding method. In the classification part, the areas of segmented image are then compared with the selected threshold for classification of weeds and crop [6] .
MATERIALS AND METHODS
The first algorithm consists of five fractions: (i) preprocessing, (ii) Binarization using Otsu"s thresholding, (iii) Marker control watershed segmentation, (iv) Gray transformation and (v) classification based on intensity. The simple weed and crop images are used to test the system. Firstly, the color images are converted to gray scale images for easy and fast processing [13] . Median filter is applied to the gray image to reduce the amount of data. Otsu"s method is used to filtered image for converting black and white image. This method chooses the optimal threshold to minimize the intraclass variance of the black and white pixels [14] . Then, binarized image is divided into different regions according to watershed segmentation method. The sobel operator is applied on the binary image to find the gradient magnitude. By using this magnitude, estimate the watershed transform that divide different regions. The segmented image is changed into RGB segmented image to distinct region. To classify weed and crop, the RGB image is converted into gray image. Finally, the intensity value is defined by manually to extract weed plant from the image. The results image is described in Fig-3 . The intensity values of the images can change due to light, dark, weather condition and camera situation. Therefore, these values must be defined for every weed and crop images. However, the next algorithm can detect without manual extraction as can be seen their results image.
The area thresholding classification system includes the five steps. They are Excess Green Gray transformation, segmentation, label the image, removing the unwanted data and classification based on area thresholding. The system block diagram of the system is illustrated in Fig-1 , which consists of three main steps:
1) The Excess green gray transformation 2G-R-B is executed to easy and fast processing for segmentation stage.
2) Background and plants of the image is separated according to the gray index. 3) Extraction of weed and crop from the segmented image by area thresholding. And then the detailed algorithms of the system are also described into step by step.
Image Acquisition
In this research, the weed and crop color images are acquired through the digital camera. The sample images are captured in the fields. Images are obtained at different times of a day. Moreover, weeds and crop with varying canopy size were selected to increase the difficulty of the classification problem. The weed and crop images are taken at an angle 45 degree with the ground in natural lighting conditions with digital camera. The camera is mounted in the height of 2.15m from the ground. The resolution of the camera is set to 3648×2736 pixels during image capturing. In the experimental analysis, all the images were resized to a resolution of 320×240 pixels in order to reduce the computation time [10] . Fig-2 illustrates sample weed and crop images taken from the fields. 
Gray Transformation
The gray transformation processing is to turn the color image to the gray image. The purpose of gray transformation is to reduce the amount of color data in the image so as to speed up the following processing. The color difference between plants and background in the color images should be kept as well as possible in the gray image. Equation (1) is used for gray transformation in image processing. Assuming the coordinate (x, y) is the pixel point.
EXG(x, y) =2g-r-b
Where, r= , g= , b=
In this equation R, G and B are the three components of pixel color in RGB color space; ExG is the transformation result, a gray value. The intensity information is highlighted and discarded most color information in the color image using equation (1) . The pixel values in red channel and blue channel color space are always less than the in green color. Therefore, the Excess green feature is used to extract the distinct color channel. The result of this algorithm is illustrated in Fig-4 . 
Segmentation
To remove background of the image, different techniques such as thresholding-based segmentation, edge-based segmentation, Color-based segmentation and watershed segmentation can be used. In this study, gray removal segmentation method is used for the segmentation task. All the segmentation steps are done depending on the binary image. Therefore, the grayscale image is converted into binary image from the preprocessing stage. Thresholding based on gray image is used to change the binary image. By using the following equation (2) For all pixels in the original image the absolute values of green minus red and green minus blue are calculated. These give measurements of the pixels distance to the grayscale line. If both of these distance values are greater than threshold (T), the pixel is classified as plant (P). If none or only one is greater than T, the pixel is classified as background (Bg). The number of T is equivalent to the threshold in the above mentioned index methods and has to be chosen based on the available image material. For the image of this paper T=20 has proven to give a very good result. This method of removing pixels of high "greyness" can be seen as calculating two separate indices and then requiring that a pixel is on the correct side of the threshold in both cases to be classified as P. The result of binary images includes the small noise as misclassified plant pixels. Therefore each pixel of the segmented images is labeled with a value according to the component it is assigned to.
After that the property of the region is defined into area. Then the value of region is firmed to find the minimum area. And then the minimum area of the region is removed from the image as shown in fig-5 . The 40 pixels of minimum areas are discarded in this filtering stage. 
Classification
The final segmented image is used as the input of the weed and crop classification stage. Weed detection is executed depended on their areas. Firstly, the segmented binary image is labeled using 8-connected components. In this way, it can easy to evaluate the areas of the objects. And then, a threshold value is selected to classify weed plants and crop plants. Therefore, threshold value is set at 6000 for this research. The crop plants are mostly large the weed plants in related to the testing. Therefore, the weed plant is detected when the object areas are less than threshold value. In the other way, the remaining objects are classified as crop plants. The areas of the individual objects are calculated according to the equation (3) . In this equation, F (j, k) is binary segmented image, x j and y k are scaled coordinates in row and column and J and K are row and column of binary 
The desired points of the image (x j and y k ) are obtained using the following equation:
The thresholding equation is illustrated in equation (4). The optimal threshold value is selected at 6000. In the Table1, plants coverage and detected weed coverage rate are defined as:
In Table 1 , data describes that the percent of the plants coverage and detected weed coverage of the results images. According to the above equations SUMw is the sum of all weed pixels and Zone Area is the pixel count in the whole image, and is equal to the row × column of the image pixels. As a result, almost of 13% of weed coverage is found in the sample images.
e r =
Where, e r = error rate or misclassification rate Nw = number of detected weeds Nm = number of misclassified crop
Above the error equation (7) is used to compute the misclassification rate. As the sample results is illustrated in (7). The remaining error rate can be generated in the same way.
RESULTS AND DISCUSSION
This paper presents two main algorithms for weed and crop classification system. Fig-6 and 7 describe the classified result images. The plants with blue color are defined as weeds and the red plants are classified as crops. The given algorithm processes two types of images for weed and crop. The algorithm produced reliable classified images to be sprayed. In the field, almost the images that captured according to image acquisition step can be classified to give to the spray system. By using the resultant image, the weed position can determined according to the pixels of left to right and top to bottom. Although the system could classify weed to be sprayed, darker images cause more errors in the segmentation and also in later steps of the algorithm. When the weed and crop plants are overlapped, this method cannot classify weed and crop. The 41 sample images have been used to test in this study. Among them, 7 images are found the misclassification. Thus the proposed algorithm is suitable for weed and crop segmentation and classification. It will support to get the reliable results in real-time application. Table 2 , error calculations have been executed by manually counting the number of misclassifications in the randomly chosen result images. The missed weeds in this Table II are weeds that were not fully marked in red or blue. The weed misclassifications shows the objects classified as weeds that are actually part of crop plant. Both weed area is greater than threshold value and crop area is less than threshold value can cause the misdetection. Although the second system has some drawback, the better classification results could generated with small error.
CONCLUSIONS
In this research, segmentation method and classification based on area thresholding method are developed. Excess green gray transformation (ExG) and area thresholding algorithms are combined to obtain the exactly classified images. The system shows an effective and reliable classification of images captured by a camera. The image segmentation algorithm is very useful method in the image processing and it is very helpful for the subsequent processing. When the plants are separated from each other in the images, the results have been shown to be better. Also the lighting conditions are important to be able to make a reliable analysis. 
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